Glucose metabolism and regulation of glycolysis in Lactococcus lactis strains with decreased lactate dehydrogenase activity.
The distribution of carbon flux at the pyruvate node was investigated in Lactococcus lactis under anaerobic conditions with mutant strains having decreased lactate dehydrogenase activity. Strains previously selected by random mutagenesis by H. Boumerdassi, C. Monnet, M. Desmazeaud, and G. Corrieu (Appl. Environ. Microbiol. 63, 2293-2299, 1997) were found to have single punctual mutations in the ldh gene and presented a high degree of instability. The strain L. lactis JIM 5711 in which lactate dehydrogenase activity was diminished to less than 30% of the wild type maintained homolactic metabolism. This was due to an increase in the intracellular pyruvate concentration, which ensures the maintained flux through the lactate dehydrogenase. Pyruvate metabolism was linked to the flux limitation at the level of glyceraldehyde-3-phosphate dehydrogenase, as previously postulated for the parent strain (C. Garrigues, P. Loubière, N. D. Lindley, and M. Cocaign-Bousquet (1997) J. Bacteriol. 179, 5282-5287, 1997). However, a strain (L. lactis JIM 5954) in which the ldh gene was interrupted reoriented pyruvate metabolism toward mixed metabolism (production of formate, acetate, and ethanol), though the glycolytic flux was not strongly diminished. Only limited production of acetoin occurred despite significant overflow of pyruvate. Intracellular metabolite profiles indicated that the in vivo glyceraldehyde-3-phosphate dehydrogenase activity was no longer flux limiting in the Deltaldh strain. The shift toward mixed acid fermentation was correlated with the lower intracellular trioses phosphate concentration and diminished allosteric inhibition of pyruvate formate lyase.